A large number of compounds including actinobolin, adrenochrome, amicetin, anisomycin, aurintricarboxylic acid, blasticidin S, chartreusin, chlortetracycline, cycloheximide, doxycycline, edeine A1, edeine complex, emetine, fusidic acid, gougerotin, GppCH2p, oxytetracycline, pactamycin, polydextran sulphate, puromycin, pyrocatechol violet, sparsomycin and tubulosine have been tested for inhibitory effects on protein synthesis in cultured cells from both mouse fibroblasts (3T6 cells) and chick embryo fibroblasts (CEF). Essentially, similar results were obtained with both cell types with the most effective inhibitors being pactamycin, emetine, tubulosine, anisomycin and cycloheximide and with no significant inhibitory activity being detected with edeine complex, edeine A1, GppCH2p, polydextran sulphate, aurintricarboxylic acid, pyrocatechol violet and adrenochrome.
A large number of compounds including actinobolin, adrenochrome, amicetin, anisomycin, aurintricarboxylic acid, blasticidin S, chartreusin, chlortetracycline, cycloheximide, doxycycline, edeine A1, edeine complex, emetine, fusidic acid, gougerotin, GppCH2p, oxytetracycline, pactamycin, polydextran sulphate, puromycin, pyrocatechol violet, sparsomycin and tubulosine have been tested for inhibitory effects on protein synthesis in cultured cells from both mouse fibroblasts (3T6 cells) and chick embryo fibroblasts (CEF). Essentially, similar results were obtained with both cell types with the most effective inhibitors being pactamycin, emetine, tubulosine, anisomycin and cycloheximide and with no significant inhibitory activity being detected with edeine complex, edeine A1, GppCH2p, polydextran sulphate, aurintricarboxylic acid, pyrocatechol violet and adrenochrome.
The concentration of pactamycin required to produce 50%. inhibition of protein synthesis approximated 5x 10-9 M, but for most of the inhibitors it ranged from 5x10-6 M to 5 x l0-4 M. The molecular basis underlying these differences may be related, in addition to their intrinsic inhibitory power, to differences in permeability of the cells towards the various drugs tested. Alternatively, active accumulation of the drugs by the cells may be the variable parameter.
The use of translation inhibitors has provided much information concerning the modes of action of different drugs of relevant interest in biology and chemotherapy and has aided in clarification of the mechanism of protein synthesis in different cells. Although specificity, selectivity and mode of action of an increasing number of translation inhibitors are well documented for different microorganisms and their cell-free systems1), such studies are considerably less developed for cells in tissue culture. Accordingly, we recently carried out comparative studies on the inhibitory effects of different translation inhibitors on uninfected and picornavirus-infected cells. The drugs gougerotin, edeine and blasticidin S inhibited protein synthesis in picornavirus-infected cells but had no effect on control uninfected cells2).
To extend these earlier studies we have now tested the effects of several inhibitors on mouse fibroblast 3T6 and chick embryo fibroblast (CEF) cells. A number of translation inhibitors were selected for which an inhibitory effect on the growth of both tumours and culture cells has been reported3-8).
The compounds tested included the edeines, emetine, tubulosine, aurintricarboxylic acid, fusidic acid3), pactamycin, puromycin, cycloheximide, tetracycline antibiotics, sparsomycin4), amicetin, blasticidin S, gougerotin5), anisomycin6), actinobolin7) and chartreusins8) Measurement of protein synthesis in culture cells
(1) 3T6 cells were cultured in 30-mm Petri dishes containing 2 ml E,D,o medium. When the cells were confluent, the medium was removed and replaced by 1 ml of a similar medium but containing 5% calf serum (E4D5 medium). The dishes were then incubated for a further 4 hours. The indicated amount of inhibitor was added and incubation was continued for another 30 minutes before addition of 2 /1Ci (3H) proline (41 Ci/mmol, 0.2 mCi/ml). After further incubation for one hour at 37°C the medium was removed by aspiration and the cell monolayer was washed with 3 ml saline phosphate buffer followed by precipitation with I ml 5 % trichloroacetic acid. The precipitated cell monolayer was then washed three times with 2 ml ethanol and dried under an infrared lamp; 0.5 ml 0.1 N NaOH were then added and the mixtures held at room temperature for 15 minutes. The liquid was then carefully mixed by shaking the dish and 0.3 ml aliquots were withdrawn and assayed for radioactivity in a Packard scintillation spectrometer.
(2) CEF cells were grown to a concentration of 4 x 105 cells per 30-mm Petri dish in 2 ml of E4D10 medium. The medium was removed and replaced by I ml of E4D5 medium containing the indicated amount of inhibitor. The dishes were incubated for two hours or overnight (15 hours) at 37°C as indicated under the figure legends. 4.2 pCi (35S) methionine (800 Ci/mmol, 0.42 mCi/ml) were then added to the medium and the incubation continued for another two-hour period at 37°C. The samples were finally processed as described above.
Results and Discussion

Effects of a Number of Inhibitors on Protein Synthesis in 3T6 Cells
Under the experimental conditions used, most of the translation inhibitors tested inhibited protein synthesis in 3T6 cells as determined by following the incorporation of (3H) proline into TCA precipitable material. However, considerable differences were apparent between the inhibitory activities of the various compounds. Thus, the most active inhibitor was pactamycin which, at a concentration of 10-8M, reduced protein synthesis to 25% of control levels (Fig. I A) and emetine, tubulosine, cycloheximide and anisomycin were also very effective but at concentrations ranging from 5 x 10-8 M to 10-6 M (Fig. I A) . Of the other drugs tested most inhibited protein synthesis only at concentrations ranging 
Effects of a Number of Inhibitors on Protein Synthesis in CEF Cells
Results using the 3T6 cells (see above) indicated that many of the selected inhibitors had a rather low activity against protein synthesis. Accordingly in experiments using CEF cells the preincubation time (with inhibitor present) was increased prior to the addition of the radioactive amino acid. CEF cell cultures were not confluent and the number of cells present per dish was therefore, lower than in the experiments using 3T6 cells. In this series of experiments we used (35S) methionine with a very high specific activity to study incorporation into the protein fraction.
The translation inhibitors showed a pattern of inhibition essentially similar to that observed with 3T6 cells, although in CEF cells their inhibitory activity was relatively higher, as in the case of sparsomycin, gougerotin, edeine complex and blasticidin S (Figs. 1 and 2 ). It appears that the extent of inhibition is dependent on the incubation time with cells and drug present together.
To test these possibilities we further studied the effects of sparsomycin, gougerotin, edeine complex and blasticidin S on the incorporation of (35S) methionine under conditions where CEF cell cultures were incubated for only four hours with the drugs. The results (Fig. 3) clearly indicate that under these conditions inhibition of pro- were not included in the figure, as no inhibitory activity was observed at the indicated concentrations. Control incorporation (taken as 100°0) corresponds to an incorporation of 8,616 cpm of (3H) proline. Cells were incubated with the indicated inhibitors for two hours at 37°C prior to addition of (35S) methionine. Subsequently, the assay was carried out as indicated under Materials and Methods. Blasticidin S, edeine complex, gougerotin and sparsomycin were tested. Control incorporation (taken as 100 %) corresponds to an incorporation of 47,617 cpm (35S) methionine. tein synthesis by the drugs in CEF cells more nearly parallels the results obtained for 3T6 cells (Fig. 1) with the levels required for inhibition being higher than those obtained after the longer incubation period (Fig. 2) .
For ease the comparison the concentrations of drugs required to produce 50 % inhibition of protein synthesis are listed in Table 1 , these data having been extrapolated in most cases from the data of Figs.
1-3.
In the present investigation the drugs were not tested for inhibition of protein synthesis in cell-free systems derived from 3T6 and CEF cells. However, the lack of inhibitory activity observed for adrenochrome, edeine, GppCH2p and polydextran sulphate towards intact cells is probably not controlled at the ribosome level since these drugs inhibit protein synthesis in vitro on eukaryotic ribosomes from other sources. It seems more likely that these drugs are excluded from their ribosome receptor site (s) because they cannot cross the cell membrane. It must also be emphasized that in intact cells where both edeine AI and the edeine complex can inhibit growth, the effect is mainly on DNA synthesis and only at very high drug concentrations is protein synthesis blocked9).
Pactamycin, emetine, tubulosine, anisomycin and cycloheximide are very effective inhibitors of protein synthesis in both 3T6 and CEF cells and with pactamycin and emetine the inhibitory effect is higher than in any other ribosomal system tested. Both 3T6 and CEF cells may actively accumulate pactamycin and emetine10) to give a higher intracellular concentration than that found in the surrounding medium.
This effect would parallel that observed for the tetracycline antibiotics in bacterial cells11) although it is of interest that this antibiotic is a poor inhibitor of translation in both 3T6 and CEF cells.
